Abstract According to traditional welfare economics welfare occurs at the point where a good is purchased and some amount of utility is assumed to derive therefrom. According to Sen and others however one needs to look in addition to what use is made of the good after purchase. This paper throws new light on this process by means of a large new data-set that examines use patterns of mobile phones in 11 African countries. The main hypothesis is that this technology will be most widely used in countries lacking in viable alternatives to the use of mobile phones e.g. where public transport is weak or roads are poor. The results tend to support this view though there remains much to be explained.
Introduction
In an article on mobile phones published in 2007, James and Versteeg (2007) pointed out that from a welfare point of view what matters is the use of this technology and the benefits it conveys thereby. Yet, as these authors also made clear, the evidence on this topic tends to be concerned with owners and subscribers and it is not helpful to answering questions about how many people benefit from the use of mobile phones and in which specific ways. It is true that there are a few limited studies on this question, such as by Goodman (2005) and Camner et al. (nd) on the economic and social benefits of mobiles in a select few African countries. Not until quite recently however has a far more extensive set of survey data been collected, which covers a relatively large number of welfare-enhancing mechanisms and as many as 11 comparable African countries.
1 It is fair to say that the data-set J. James (&) Economics Department, Tilburg University, PO Box 90153, 5000 LE Tilburg, The Netherlands e-mail: m.j.james@uvt.nl as a whole comprises the most comprehensive collection of evidence on mobile phone use now available in developing countries. The purpose of what follows is to examine the said data and especially the welfare patterns that underlie them. For this purpose I first divide the data on mechanisms of use into four categories, dealing, respectively, with economics, health, social capital and safety. Each of the categories is analyzed initially in the form of a table, which exhibits the countries as columns and the mechanisms as rows. Some countries will of course do better than others and certain mechanisms will contribute more to welfare than others in a table. Ideally, I would be able to explain all the patterns that emerge but more realistically many of them will remain as questions for future research.
In the next phase of the analysis the scope of the paper is extended to allow for comparisons across tables. To the best of my knowledge this type of cross-tabular calculation does not appear elsewhere in the existing literature. It can address questions such as whether the same countries (or countries from the same region) tend to perform well or poorly across categories or whether the results have a more random character. Here too though some of the observations will generate a research agenda rather than well-formulated questions. As it happens, much of this agenda will need to revolve around finding explanations for the systematically favourable performance of the relatively impoverished countries from the East Africa region.
But it will also involve the development of an analytical framework in which the use of products and technologies helps to determine their overall impact on welfare. Sen's concept of functionings already captures the essence of such an idea.
Survey Method and Characteristics of Respondents
As described in the reference given in footnote 1, the methods used to collect the data accord very well with the goals of this study as these were described above. For one thing, the method includes a diverse group of 11 African countries, some very poor and others among the richest on the continent. There is also a dispersion of the sample countries by region (including East, West and Southern Africa). Within each country, moreover, the survey relies on a relatively large number of respondents as described in footnote 1. Relatedly, the data are collected with the aid of national statistical methods which help to provide nationally representative information. (I am thinking here for example of national census sample frames and enumerator areas). Finally, the survey covers an unusually wide range of ways in which mobile phones are actually used to enhance welfare in the relevant countries. For analytical convenience I have divided these mechanisms into 4 categories in the presentation of the results (namely, economic, health, social and safety-related measures). Thus collected, the results are surely the most comprehensive now available on the use of mobile phones in developing countries. Table 1 well reflects the basic conditions of mobile phone use in the poorest developing countries since most of the sample belongs to what the World Bank refers to as the lowincome category (see the bottom row for the per capita income levels of the eleven sample countries). For example, only in slightly more than half of them does the population own this technology. Among owners only about one quarter are able to use the phone for browsing the Internet. This is surely due in large part to the relative cost of the products that are required for such a purpose. In fact, lack of affordability is given (in the next set of rows) as the main reason for not buying a mobile phone in general (followed by a lack of electricity). Finally, from among those using public phone facilities, three quarters rely on mobile phone kiosks as opposed to the quarter of respondents who use fixed-line payphones.
There are, however, some notable exceptions to these average tendencies. On the one hand, one should single out the two relatively developed countries, South Africa and Botswana. I shall focus on the former because it is structurally more similar to developed countries than the latter. That South Africa displays exceptional characteristics can be seen from almost every row in the table. To begin with, this country has the highest rate of mobile phone ownership in the sample, which is due primarily to its relatively high level of per capita income (a factor which is often the main explanatory variable in accounting for rates of diffusion of information technology across developed and developing countries).
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Because of its exceptionally high rate of mobile phone adoption there is very little sharing of mobile phones in South Africa (as is also the case in countries that are described as high income or developed). Indeed, 7.3 is the lowest percentage of all countries in the sample. Or again, at 51, this relatively affluent country exhibits double the average percentage of those who are able to use their mobile phones to browse the Internet. In the following rows, dealing with the inability of respondents to own a phone, the reason is less to do with affordability compared to the other countries and more to do with broken and stolen products (with the latter reflecting perhaps the unusually high crime rate in the country).
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A final observation concerns the use of fixed-line or mobile phones in public places. Being more advanced than almost all other African countries at the time when mobile phones were introduced on the continent, South Africa had by then built up a larger stock of fixed-line equipment. It is on this stock that the country still depends relatively heavily in the use of public phones, as can be seen in Table 1 .
On the other hand there are countries that are underdeveloped even by African standards. One might expect these countries to exhibit the opposite tendencies that have just been described in relation to South Africa. Consider for example the case of Ethiopia which is shown in the table as having the second lowest per capita income in the sample (and, one suspects, on the continent as a whole). It can be quickly discerned that the expectation for this country is strongly confirmed. In particular, it comes last in the sample with respect to ownership of mobile phones and Internet browsing capability; affordability is a more severe constraint than for any other country and the extent of sharing is among the highest (being the mirror image of a low ownership rate in the country).
At least at the extremes therefore income helps to explain some variation in the data by country (and the more so if Botswana is included in the comparison). A relevant question is whether this variable will continue to exert an influence on the patterns of use shown in the next section. There I shall examine the specific ways in which the benefits of mobile use are actually extracted by members of the eleven sample countries.
Results for Four Mechanisms of Mobile Phone Use
As noted above I have divided the results into four categories dealing with economics, health, social capital and safety. It should be borne in mind though that for some items the classification into these groups is not entirely clear-cut and other possibilities could be considered. 
Economics-Related Mechanisms
What is notable is in the first place that all the top-rated countries in the table are drawn from East Africa. More specifically, 13 out of the 18 cells in the table belong to this region, an outcome that is very unlikely to have been generated by chance. One part of an explanation of these patterns has to do with m-Pesa (see below) and its confinement largely to Kenya, Tanzania and Uganda. This mobile-money venture began in the first-mentioned country and then spread to the other two countries in the region. As shown in Table 2 , however, mobile money has spread far more widely in Kenya than the other two countries. Indeed, the rate of use of m-Pesa in Kenya is almost 80 %, compared to the sample average of just 19 %. It is indeed the former value that largely accounts for the fact that this country does best on average for all the economics related mechanisms of mobile phone use (see last row in Table 2 ). M-Pesa is a service developed by Vodafone and designed for emerging markets, where many people are still underserved by financial service providers. The first launch of m-Pesa was in Kenya by Safaricom [in 2007 ] and one year later by Vodacom in Tanzania. Both Safaricom and Vodacom are part owned by the UK's Vodafone and hence have access to the m-Pesa model 4 (Samuel et al. 2005 ). Some of the reasons for the comparative success of m-Pesa in Kenya are related to a receptive regulatory environment, the dominant status of Safaricom in the market and a strong demand for this firm's 'send money' function because of the high numbers of domestic migrants transferring funds back home. (The Economist, 20 September, 2012).
5
The absence of a comparable demand in Tanzania is one reason why adoption of the m-Pesa model in that country has lagged behind Kenya. Another reason has to do with the viability of the alternative to mobile phones in the two countries (see below for a general version of this argument).
In Kenya the most popular methods previously used were asking a friend or family member to take the money by hand or to use a bus or a courier company. We know that these methods can be high risk and do result in losses. The high crime rate in Kenya and Nairobi in particular created a greater demand for a safe way of sending money compared to Tanzania where the risk of robbery is lower (Samuel et al. 2005) .
For the other rows in Table 2 , however, a more general explanation is needed for the superior performance of East African countries. What I will advance for this purpose is a variation of findings already published in the scant literature on the beneficiaries of mobile phone use. Waverman et al. (2005) for example, Find that mobile telephony has a positive and significant impact on growth and this impact may be twice as large in developing countries compared to developed countries. This result concurs with intuition. Developed countries by and large had fully articulated fixed-line networks in 1996… In developing countries, we find that the growth dividend is far larger because here mobile phones provide, by and large, the main communications networks; hence they supplant the information-gathering role of fixed-line systems (Waverman et al. 2005) .
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In a case-study of Tanzania, South Africa and Egypt, Goodman (2005) extend this logic to cover not just fixed line communications available to households but also other means of contact such as ease and cost of travel and availability of well-functioning public payphones. They point for example to the travel time and cost savings achieved by a mobile phone call as opposed to travel as a means of communication. The savings were found to be higher in Tanzania than in South Africa because in the former 'roads are worse and public transport less extensive' (Goodman 2005) . Similarly, In Tanzania, a strikingly high proportion of respondents (57 per cent) felt that a major impact from mobile phones was faster and improved communication. The proportion in South Africa mentioning this as an impact was substantially lower at 8 per cent. This probably reflects a greater presence and reliability of fixed-line phones in South Africa prior to the introduction of mobile phone services (Goodman 2005) .
Generalizing these examples, the hypothesis is that the more difficult and expensive it is to communicate by means other than mobile phones, the more (percentage) use will be made (ceteris paribus) of this technology. And since it is assumed that the said difficulty varies inversely with country income, the prediction is that the most intensive percentage use of mobile phones will occur in relatively poor countries. (This assumption does not require a great leap of faith for it seems almost obvious that rail transport, paved roads and passenger cars vary directly with per capita income).
The reasoning just advanced helps to explain the pattern observed in Table 2 for it is the five Eastern African countries that have the lowest incomes in the sample. (That pattern is one which, among other things, includes countries from the region appearing in first place in all six rows). Of course, the explanatory framework I have adopted does not account for all entries in the table, especially those in which relatively rich countries are involved. For these cases, a country specific explanation may need to be involved (South Africa's second-placed ranking in the case of beeping may constitute one such example).
It is noteworthy in this regard to compare the results shown in Tables 2 and 3 with those of subscriptions for mobile phones in the same countries (shown in Table 4 ).
The interest lies in the almost diametrically opposite results of the two cases. On the one hand, it has already been shown that the poorest countries tended to make the most of mobile use whereas on the other hand these countries were heavily weighted against adoption of this technology. In this case it is the richest two countries-South Africa and Botswana-that occupy the top positions in adoption rates. Conversely, the East African countries which performed so well in rates of usage, fall into the bottom five places (with one exception) on this metric. Resolving this apparent paradox has to do as suggested above with the contrasting role of income in the two cases. As far as adoption goes, per capita income plays a facilitative role, as it mostly does with the diffusion of durable goods. 6 But the benefits of use from mobile phones tend to be greater with lower income because this variable stands as a proxy for the difficulty of finding alternative ways to communicate (other that is than with mobiles).
I turn finally to compare the rows as opposed to the columns of Table 2 . The most popular row in this table deals with beeping (at an average use rate of 81 %). In essence this phenomenon involves making a call to another mobile number and then hanging up before the call is answered in the hope that it will be returned by the other party in the future. Sometimes beeping is associated with a specific message such as when for example two rings mean 'I'm leaving now' (Donner 2007) . In any event the cost of the original call Note also that the averages at the bottom of the table are just that: they are consistent with some people using all the mechanisms or a larger number using only one or two.
Beeping is an activity which refers to deliberately missed calls. That is, an individual dials a number and then immediately cancels the call. Depending on the number of beeps it contains a message for the other party. It is classified as an economic mechanism because the goal is to save on costs Source Research ICT Africa
Patterns of Mobile Phone Use in Developing Countries 693 is saved, an amount which presumably explains the popularity of the phenomenon in poor African countries (but also among the poor in relatively affluent sample countries such as South Africa). Together with mobile money, beeping is an interesting example of how important innovations can be made in and for African countries, which, to this extent, are not only reliant on information technology applications from the advanced countries.
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Not far behind beeping is the second-highest mechanism (row) in Table 2 namely, the percentage with savings from mobile phones on time and travel costs. These savings have also been described as important in the study by Goodman (2005) noted above. What they found was that,
In the survey sample, 91 per cent of respondents in Tanzania called friends and relatives rather than travelling to see them. In South Africa, 77 per cent of mobile users called rather than visited…. Indeed, for many families surveyed the costs of travelling to see relatives would be prohibitive, especially in the poorest rural communities, and mobile therefore represented the only option of maintaining contact. …The impacts were slightly larger for Tanzania, where roads are worse and public transport less extensive. The potential importance of mobile as a substitute for travel is easy to under-estimate. Of the communities surveyed in South Africa, only 4 out of 10 had a regular bus service to the nearest town and the typical round-trip cost was 15 Rand. In contrast, a typical pre-paid voice call cost R 5… . It is not surprising that so many respondents identify mobiles as a source of saving both time and travel cost. …one respondent in Mafia Island, Tanzania, said he was now able to keep in daily contact with his immediate family, who all lived in Dar es Salaam (Goodman 2005) .
It should be clear that this particular explanation also relies on the view espoused earlier in the paper that the use of mobile phones depends heavily on the availability and quality of the relevant infrastructure for alternative means of communication. Table 5 shows the use of mobile phones for four medical (m-health) applications. These data are also summarized, as in the previous section, with regard to the top three countries in each of the four mechanisms (see Table 6 ). Tables 5 and 6 are similar to their counterparts in the previous section in that Uganda and Kenya again play a significant role, though in this case Rwanda comes to the fore in a way that it did not do previously.
Health-Related Mechanisms
These results might well be explicable in terms of the relative amounts of foreign aid that are given for m-health applications (certainly Rwanda seems to receive a relatively substantial amount of aid for this purpose). Unfortunately, however, such comparative data are not readily available 8 and I shall try instead to explain why the three East African countries in question are especially amenable to this type of technology. Such a task is perhaps most easily accomplished in the case of Uganda. According to one observer for example, There is not a doubt that Uganda has made a huge stride in mobile health. While neighboring country, Kenya, has made a name for itself with innovations in mobile money transfer, Uganda has made outstanding progress in improving access to health services using mobile technologies. For instance, Ugandans can easily verify whether a doctor and or clinic is licensed or not by simply sending an SMS. From fastening the diagnosis of HIV-infected babies to educating users on sexual and reproductive matters… . Uganda is indeed proving to be East Africa's testing ground for new m-health innovations 9 (Mulupi 2012) .
What is special about Rwanda in this context is that it is rated second out of 123 countries by the World Economic Forum according to how high ICT is prioritized by the government.
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This distinction, accorded to one of the world's poorest countries, is partly a reflection of the support given to the technology at the highest levels of government. In particular, in that country, the presidency has taken the lead with forward-looking policies for e-health and ICT. The government's e-health plan, valued at $ 32 million, is designed to support district health information systems, and computerize the national healthcare system. The plan involves government leadership at the highest levels… . Two parts of the plan, Rapid SMS alerts for emergencies and mUbuzima monitoring tools for community health workers, are being rolled out nationally (Mulupi 2012 ).
Kenya's frequent appearance in the table is due in part to the same institutions that were responsible for the m-Pesa programme in that country. Safaricom, for example, the owner of that successful programme, has also developed an m-health product ('Daktari 1525') which enables subscribers to contact doctors for advice at any time of the day or night. However, many of Kenya's mobile health applications have emerged from a new class of technological entrepreneurs who are often associated with 'iHub', one of Africa's most prominent IT incubators (BBC News, 19 July, 2012). On the user side, it is plausible to imagine that Kenyans are especially responsive to m-health initiatives because so many of them are already accustomed-via m-Pesa-to new applications of mobile phones.
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Note, finally, that in terms of rows rather than columns, the 'percentage having mobile contact with health care workers' is the most commonly used of the four mechanisms (with an average figure of almost 50 %). This is probably due to the fact that it is the most general of the mechanisms, including a wider variety of applications than the other three. 
Social Capital Mechanisms of Use
According to many people IT has the potential to increase social capital. As such this technology will tend to increase existing patterns of social contact and civic engagement. The World Bank (2008) points specifically to 'bridging social capital which connects actors to resources, relationships and information beyond their immediate environment'. In these ways the participants will tend to gain from the increased social capital thus generated. Goodman notes that 'Social capital may be an even more important concept for developing countries than developed, as in many cases people in the former have less access to formalized structures of support such as the legal system or the financial system, and may rely on informal networks instead' (James and Versteeg 2007) . Following a suggestion by Granovetter, Goodman also distinguishes between strong links and weak links. The former 'are those between close friends and family, people who are regularly in contact and have a lot in common. Weak links are those between acquaintances or distant friends in irregular contact. Both types of links are crucial' (James and Versteeg 2007) . One of the purposes of this section is to analyze the strength of the linkages shown in Table 7 . First, however, let me deal with the relationships between the columns shown in that table and in the summary of best-performing countries contained in Table 8 . Table 8 shows that once again the East African group of countries performs better than a random influence would dictate. In particular, these countries take up 12 of the cells in the table compared to the 8 that would occur on the basis of chance alone (i.e. 5 out of the 11 countries in the sample). I continue to ascribe this performance to the difficulty of communicating-by other means than mobile phones-in the relatively low-income countries of the region. That said, however, the prominence of East Africa is lower here than in previous sections.
One question is whether the inclusion of Nigeria among the leading countries in Table 8 (twice first and once second) requires me to reconsider the role of low income in East Africa as an explanation of the previous patterns. In fact, it does not much alter that story because Nigeria has a per capita income just above the level of Kenya, the richest country in impoverished East Africa. The region's average income, that is to say, does not alter significantly after Nigeria is added to the group. Table 5 Health-related mechanisms of mobile phones use Uganda Kenya Tanzania Another task is to explain what accounts for that country's excellent performance in some of the rows in Table 7 . My suggestion-and it is only speculative-is that the forms of social capital most sought after by Nigerians-dealing with politics and religion-were strongly emphasized in the elections of 2011, 12 a time at which the data were collected for the survey on which this paper is based. There may, that is to say, be a causal connection between the dominant features of the election and the forms in which social capital were primarily sought at around the same time the data were collected. Even then, however, the direction of any such causality is not clear.
I turn finally to the rows in Table 7 and hope to establish some form of pattern between them. Unfortunately, however, only the highest position occupied by friends and family can be explained in terms of the distinction between strong and weak links described above. Numerous authors for example have alluded to the frequent and close relationships within this group and they also find what was shown in Table 7 , namely, that it is a highly important empirical relationship relative to weaker links. But for the other entries shown in that table, it is impossible to say how frequent and intense were the contacts between parties. All that the data show are the percentage of people who seek to build up one or other of the contacts given in that table. Contacts with colleagues for example, the next most important entry, could be weak or strong depending on the nature of the relationship.
Safety-Related Mechanisms of Use
The results for safety-related mechanisms of mobile phone use are shown in Tables 9 and  10 . Beginning as usual with columns, Table 9 continues to highlight the prominent role played by countries from Eastern Africa, which, in the form of Ethiopia and Tanzania, make up five of the top six places. The final column, by contrast, contains no countries from the region. Indeed, three such countries belong to Southern Africa and enjoy incomes that are at or near the top of the sample group.
For these exceptional cases, South Africa, Botswana and Namibia, an explanation could take the form of a relative prevalence of violent crime.
13 After all, these countries belong to Southern Africa, a region that suffers from the highest rates of this type of crime in all of Africa (UNODC.org). The basic idea is that in places with high rates of violent crime, access to a mobile phone becomes more pressing (in terms of safety) than in countries where the rates are lower.
For the East African countries, however, this line of argument would seem to be largely irrelevant, since the crime rate there is neither unusually high nor exceptionally low. In these cases-Ethiopia and Tanzania-I fall back on a variant of the argument advanced in the three previous sections, namely, that income is a proxy for numerous other relevant variables. More specifically, I argue that in places with relatively high average income, access to a mobile phone becomes more pressing (in terms of safety) than in countries where the rates are lower. The point here being that income tends to stand as a proxy for other forms of communication than mobile phones, such as public transport, payphones, postal services, fixed line phones and telecentres. Where these are scarce or entirely nonexistent there are few or no alternatives to mobile phones as a means of communicating with the authorities or others who can deliver protection (some mechanisms though are more about checking up on the safety of close friends or family, but in these cases, too, a central issue is about the lack of alternatives to the mobile phone).
14 I turn now to briefly examine the rows of Table 9 . Noting that safety is an important component of basic human needs (Maslow) it is worthwhile to ask how much IT contributes to it. Such a question has unfortunately not been widely posed in the literature on the welfare impact of mobile phones. Yet, as Table 9 suggests, the relationship between mobiles and safety appears to be a powerful one. Indeed, as many as 82 % of the sample use this technology as a way of checking on the safety of close friends and family. In addition 64 % of the sample feel more secure as a result of having a mobile phone.
Cross-Tabular Analysis
So far my analysis has been confined to individual tables grouped according to economics, social capital and so on. In this section I seek to examine the results at a cross-tabular level, as if the groupings no longer mattered. Which mechanism, for example, is the strongest (on average) across all of the four tables presented above? And which countries (again on average) achieve the highest scores across all these tables? The (partial) answer to both questions is contained in Table 11 . The left-hand column lists the highest-rated mechanism across all four tables, whereas the column on the right shows the highest ranked countries across all the mechanisms that were described above.
The most striking comparison between the two columns lies in the variety of groups from which the mechanisms and countries are drawn. In terms of the first column, the entries are drawn from the economic, social capital and safety mechanisms, in contrast to the second column where all the entries are drawn only from the last-mentioned group (safety). Taken together, the two columns indicate that safety is an important (and in my view neglected) aspect of the relationship between mobile phones and individual welfare. 
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The need for safety is to be expected in Africa where crime rates are on average higher than in many other parts of the developing world. The two cases from Southern Africa, South Africa and Namibia, are particularly clear examples of this point.
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But it is also true that safety is a fundamental need which comes just after physiological needs in Maslow's (1943) well-known hierarchy (Maslow 1943) . Researchers would do well to bear this in mind when examining the welfare effect of mobiles.
Of the economics-related mechanisms in the left-hand column of Table 11 , two stand out, namely, beeping and saving time and travel costs. The former is especially important in places where income is low and the need to save on costs of communication is correspondingly high. That is why it tends to be relatively poor East African countries which dominate these categories (though Nigeria has a per capita income just above the richest of those countries, Kenya). I have already referred to research which shows that savings in time and travel costs are substantial for two African countries (Goodman 2005 ) and the importance of beeping has been well established in the literature (Donner 2007) . In short, the presence of these two economics related mechanisms in Table 11 is no great surprise and serves only to confirm on a larger scale what others have already found.
Conclusions
1. This paper has sought to analyze a recent large-scale survey of mobile phone use across eleven African countries, ranging from the relatively rich (such as South Africa) to the relatively poor (such as Ethiopia). These data comprise the first comprehensive study of mobile phone use in developing countries. 2. Since use is a better indicator of welfare than penetration, the results give as comprehensive a view of the micro-impact of mobile phone use as is now available for Africa and indeed developing countries as a whole (though as noted there are a few relatively limited case studies on the topic). 3. The most important general finding is that East Africa is by far the best-performing region across all four mechanisms of use I have identified, namely, economics, social capital, health and safety. 4. Part of the explanation for this finding is country specific: the role of mobile money in Kenya, m-health in Uganda and the role of the president in promoting mobile phones in Rwanda's health sector. Another part however has to do with the fact that East African countries are the poorest in the sample. 5. This is important according to the following line of argument: the more difficult and expensive it is to communicate by means other than mobile phones, the more use will tend to be made of this technology. If it is assumed that the said difficulty varies inversely with per capita income, the prediction is that mobile phones will be most intensively used in relatively poor countries (which are especially lacking in a technological infrastructure in the form of paved roads, post offices, taxis, public phones, rail transport and so on). 6. The most important mechanisms in descending order are: using a mobile phone to check on the safety of family and close friends, beeping, using a mobile phone to increase contact with friends and family, saving on time and travel costs. 7. Safety is not widely discussed in terms of the benefits of mobile phones in developing countries. Yet, it is often described as a fundamental human need, coming second only to basic physical desires such as hunger and thirst. And the data show strong support for the connection between mobile phones and safety. For example, 82 % of the sample use this technology as a way of checking on the safety of close friends and family. 8. There remain numerous anomalies to explain. Why, for example, does South Africa perform so well in some tables and so poorly in others? Do the results suggested for eleven African countries hold when many more countries from that region are included?
